INTRODUCTION
Selenocysteine (Sec), an amino acid containing the micronutrient selenium, is known as the ''21 st '' amino acid that is translationally incorporated into proteins (Bö ck et al., 1991) . The Sec biosynthesis/insertion machineries, which are intriguingly different from those of the canonical amino acids, are widely distributed in all three domains of life: Bacteria, Archaea, and Eukarya, including humans. Selenium is an essential nutrient for their viability and is utilized as Sec in vivo. Sec is similar to cysteine (Cys), except that it has the selenium atom in place of the sulfur atom in Cys. The Sec residue is primarily used as the active center of oxidation-reduction enzymes, since the selenol group of Sec is more nucleophilic than the thiol group of Cys (Chambers et al., 1986; Cone et al., 1976; Zinoni et al., 1986) . Sec is conveyed to the ribosome by Sec-specific tRNA (tRNA Sec ). tRNA Sec has the anticodon complementary to the UGA codon, which is normally one of the stop codons. The UGA codon serves as the Sec codon for the translation of Seccontaining proteins (selenoproteins). Depending on the presence of the Sec-insertion sequence (SECIS) in a selenoprotein mRNA (Berry et al., 1993; Heider et al., 1992) and the Secspecific translation elongation factor (EF-Sec) (Baron et al., 1993; Fagegaltier et al., 2000; Forchhammer et al., 1989; Yamada et al., 1994) , Sec is inserted into a nascent polypeptide by decoding the UGA codon. Besides the anticodon, tRNA Sec has unique secondary and tertiary structures, which may allow this tRNA to work specifically in the Sec biosynthesis system. Biochemical studies on bacterial and eukaryal tRNA Sec s and our recent crystallographic analyses of human tRNA Sec (PDB ID: 3A3A) (Itoh et al., 2009) have revealed the characteristic features of tRNA Sec . It has a long extra arm, similar to that of the serine (Ser)-specific tRNA (tRNA Ser ). The acceptor and T stems of tRNA Sec comprise 13 base pairs (bp) in total, in contrast with the 12 bp acceptor-T stem in the canonical tRNAs. The tRNA Sec D arm consists of a 6-bp stem (D stem) and a 4-nucleotide (nt) loop (D loop) , in contrast with the 3-to 4-bp D stem and the 7-to 11-nt D loop of the canonical tRNAs.
In the canonical tRNAs, the D stem interacts with the extra arm and the linker connecting the acceptor and D stems (the AD linker), forming the tertiary core at the corner of the L shape. In contrast, in our recently determined human tRNA Sec structure, the tRNA Sec D stem is not involved in any tertiary interactions, and it protrudes outward relative to the canonical tertiary core. The 4-nt D loop interacts with the T loop, forming two tertiary bp (G18:J55 and U16:U59) and a base triple (U20:G19:C56) (Itoh et al., 2009) , and these nucleotide residues are conserved among tRNA Sec species (Jü hling et al., 2009 (Carlson et al., 2004) . The phosphate group of Sep-tRNA Sec is then replaced with the selenol group by Sep-tRNA:Sec-tRNA synthase (SepSecS) to produce selenocysteinyl-tRNA Sec (Sec-tRNA Sec ) (Xu et al., 2007; Yuan et al., 2006) . As the ''misaminoacylated'' product Ser-tRNA Sec is the starting material for Sec synthesis, at least one component of the molecular system must strictly discriminate the Ser-tRNA Sec from the ''correctly aminoacylated'' Ser-tRNA Ser . The failure of tRNA discrimination would lead to the misincorporation of Sec in place of Ser during translation. The recently solved crystal structure of SepSecS in complex with tRNA Sec suggested that SepSecS contacts the characteristic long acceptor stem and the T stem (PDB ID: 3HL2) (Palioura et al., 2009) , although the other structural features of the bound tRNA Sec were unclear. Correspondingly, changing the number of bp in the characteristic long acceptor stem decreased the overall Sec-tRNA Sec synthesis in eukarya 2.5-to 4-fold (Amberg et al., 1996) . However, this level of recognition is not sufficient for the strict discrimination against tRNA Ser .
In contrast, PSTK seems to be responsible for the tRNA discrimination, as it phosphorylates Ser-tRNA Sec but not SertRNA Ser (Amberg et al., 1996; Carlson et al., 2004; Sherrer et al., 2008a) . The UGA-specific anticodon of tRNA Sec can be distinguished from the tRNA Ser anticodons, but its mutations do not affect the Ser-tRNA phosphorylation (Wu and Gross, 1994) . The recently reported crystal structure of Methanocaldococcus jannaschii PSTK bound with an ATP analog revealed the enzyme's architecture, as well as its interaction with ATP (PDB ID: 3A4L) (Araiso et al., 2009 ). On the basis of a tRNA Sec dPSTK docking model, it was proposed that PSTK may recognize the length of the long acceptor stem of tRNA Sec (Araiso et al., 2009 ). However, changing the number of acceptor-stem bp did not affect the phosphorylation of Ser-tRNA Sec (Sherrer et al., 2008a) . In contrast, the disruption of two bp in the long D stem of tRNA Sec , which might mimic the canonical D stem, abolished the phosphorylation of Ser-tRNA Sec as well as the overall formation of Sec-tRNA Sec in eukarya (Amberg et al., 1996; Wu and Gross, 1994) . Thus, the mechanism by which PSTK discriminates Ser-tRNA Sec from Ser-tRNA Ser still remained elusive.
In this study, we solved the crystal structures of the tRNA Sec dPSTK complex at 2.4-2.9 Å resolution. The structures revealed that the N-and C-terminal halves of the PSTK are independently associated with the acceptor and D arms, respectively, but not with the anticodon of tRNA Sec . The specific interaction between the unique tRNA Sec D arm and the PSTK CTD accounts for the strict tRNA Sec selectivity by the PSTK. (Sherrer et al., 2008a) more efficiently than by M. kandleri PSTK (data not shown). All of the obtained crystals belonged to the space group P2 1 2 1 2. However, the cell parameters were slightly different among the crystals, and they were classified into three types. Complex structures were solved at 2.4-2.9 Å resolution for the three types of crystals (PDB IDs: 3ADB, 3ADC, and 3ADD) (Table 1) , which were essentially the same as each other, regardless of the cell parameter differences. Therefore, one of the structures is described in this report, unless otherwise noted (Tables 1 and S1 and Figure S1 ). The crystallographic asymmetric unit contains two PSTK molecules (chains A and B) and two tRNA Sec molecules (chains C and D) ( Figure 1A ). (Itoh et al., 2009 ). This similarity suggested that the tRNA Sec architecture is conserved in archaea and eukarya ( Figure 2 ). The two characteristic features are that the helix formed by the acceptor stem (nine bp) and the T stem (four bp) is longer by one bp than those of the canonical tRNAs and that the D stem contains six bp and thus is much longer than the canonical ones. The length of the acceptor-T stem is consistent with the secondary structure prediction by chemical probing (Hubert et al., 1998) . The D stem does not form any tertiary interactions with the extra arm in tRNA
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. Moreover, the orientation of the D stem relative to the other three stems is quite different from those of the canonical tRNAs. The only conformational difference observed between the archaeal and human tRNA Sec structures was for position 8 ( Figure S2 ).
M. jannaschii PSTK is a 248-amino-acid residue protein (29.5 kDa) composed of the N-terminal domain (NTD, residues 1-172), the C-terminal domain (CTD, residues 184-248), and a linker connecting the two domains (residues 173-183) (Figure 1A) . In the previously reported free PSTK structure (Araiso et al., 2009) , the NTD and the CTD contact each other to form a single large domain. In contrast, in the present tRNA Sec dPSTK complex structure, the two domains are detached from each other and independently bind to the acceptor and D arms, respectively, of tRNA Sec ( Figure 3A) . Both of the domains are far away from the anticodon of tRNA (Figure 2 ). In the tertiary interaction of the D and T loops, G19 and U20 in the D loop and C56 in the T loop form a characteristic base triple, U20:G19:C56 ( Figure 3B ). The tertiary U16:U59 bp is also characteristic of tRNA Sec .
The CTD of PSTK comprises a bundle of three a helices (a8, a9, and a10), and two of them (a8 and a9) form the interface with the tRNA Sec D arm ( Figure 3A ). The a8 helix, together with the linker connecting the NTD and the CTD, fits well into the minor groove of the D arm. The adjacent a9 helix is aligned with the backbone of nucleotide residues 20a-23, and Asn179, Asn181, Asn183, Asp191, Arg219, Lys220, and Lys227 interact with the phosphate or ribose groups of the D arm ( Figure 1B) . Intriguingly, the minimal D loop of tRNA Sec forms a shallow cavity that accommodates the single side chain of the conserved Arg195 ( Figure 3C ). The Arg195 side chain forms base-specific hydrogen bonds with U59 from the T loop and C20a from the D stem, as well as electrostatic interactions with the G19 phosphate group ( Figure 3C ). Moreover, the C-and N-terminal ends of the a8 and a9 helices cover G19 and U20, forming the base triple with C56 ( Figure 3B ). The hydrophobic moieties of Ile202, Lys209, and Ile212 stack on the G19 and U20 bases, while Ser199 and Lys203 base-specifically hydrogen bond with G19. Thus, the PSTK CTD perfectly recognizes the characteristic 
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features of the tRNA Sec D arm, i.e., the long D stem, the small D loop, the U20:G19:C56 base triple, and the tertiary U16:U59 bp.
To investigate the significance of the CTD in catalysis, we prepared a fragment of M. jannaschii PSTK consisting of only the NTD (residues 1-173) and measured its ability to phosphorylate M. kandleri Ser-tRNA Sec . As compared with the full-length (FL) PSTK, the NTD fragment exhibited dramatically decreased phosphorylation activity ( Figure 3D ), indicating the significance of the D-armdCTD interaction. A similar result was obtained by using the corresponding NTD fragment of M. kandleri PSTK (residues 1-169) ( Figure 3E ). This is in good agreement with the fact that the disruption of two bp in the D arm of human tRNA Sec abolished the phosphorylation of Ser-tRNA Sec (Amberg et al., 1996; Wu and Gross, 1994) . We also prepared the CTD fragment of M. jannaschii PSTK (residues 184-248) and performed an electrophoretic mobility shift assay (EMSA) of the FL-PSTK and the NTD and CTD fragments, using M. kandleri tRNA Sec (Figure 3F) . The FL-PSTK caused significant mobility shifts, and the CTD fragment generated mobility shifts to a similar extent, whereas the NTD fragment caused no mobility shift ( Figure 3F ). We further performed EMSA experiments to measure the dissociation constants (K D ) for the binding of the FL-PSTK and the CTD fragment to tRNA Sec . The K D value for the FL-PSTK was determined to be 48 nM ( Figures S3A-S3D ), which corresponds well to the reported value of 39 nM for M. jannaschii PSTK with Methanococcus maripaludis tRNA Sec (Sherrer et al., 2008b) . Furthermore, the K D value for the CTD fragment to tRNA numbering is based on the previous report (Sturchler et al., 1993) . Each arm of tRNA Sec is colored the same as Figure 1B . Archaeal/eukaryal tRNA Sec has a 9-bp acceptor stem and a 4-bp T stem (9/4 secondary structure configuration) (A, C, and E), and bacterial tRNA Sec has an 8-bp acceptor stem and a 5-bp T stem (8/5 configuration) (F), whereas the canonical tRNAs, including tRNA Ser , have a 7/5 configuration (B and D). See also Figure S2. value of 1.3 mM (Sherrer et al., 2008b) . Therefore, the CTD is responsible for the tight and specific binding to tRNA Sec . Taken together, these results indicate that the tRNA recognition by PSTK depends on the interaction of the CTD with the unique D-arm structure characteristic of tRNA Sec .
The Acceptor Stem Interaction with the PSTK NTD The NTD of PSTK includes the phosphotransferase active site and binds to the acceptor stem and the 3 0 end region of tRNA Sec . The NTD fully interacts with the acceptor stem in one of the two tRNA Sec dPSTK complexes (complex I) in the asymmetric unit. In this complex, the NTD interacts with the major groove of the See also Figure S1 . Figure S3 .
first three bp of the acceptor stem, G1:C72, G2:C71, and C3:G70 ( Figures  4A and 4B ). The major groove of the canonical A-form RNA helix is too deep for proteins to access the bp. In fact, in the other complex (complex II) in the asymmetric unit, the acceptor stem assumes a regular A form, and the NTD forms only a few contacts with the backbone phosphate groups. In contrast, in complex I, the major groove of the acceptor stem is expanded, probably by an induced fit to the NTD ( Figure 4C ). For example, the distance between the phosphorus atoms of G1 and C67 is about 8 Å larger than that in the counterpart of the canonical A-form helix of Saccharomyces cerevisiae tRNA Phe (PDB ID:
1EHZ) (Shi and Moore, 2000) . A loop-3 10 -loop structure (residues 132-144) and its adjacent a helix (a4, residues 79-93) extensively interact with the major groove side of the acceptor stem (Figure 4) . The five phosphate groups of residues 68-72 continuously interact with Arg84, Lys140, and Trp141 ( Figure 4A ). The phosphate and base moieties of G1 interact with Lys137 and Asn80, respectively (not shown). Lys138 and Tyr139 hydrogen bond with the G2 and C71 bases, respectively, and also with the G70 base ( Figure 4B) . A mutant PSTK with Ala substitutions for these residues (K138A-Y139A) exhibited substantially decreased phosphorylation activity as compared with the wild-type (WT) enzyme ( Figure 4D ). However, Lys138 and Tyr139 are not conserved in eukaryal and archaeal species other than the class Methanococcales ( Figure S4 ). As for eukaryal tRNA Sec , the acceptor stem is not important for Sep-tRNA Sec formation, while the D arm is critical (Amberg et al., 1996; Wu and Gross, 1994) . On the other hand, the replacement of the G2:C71 bp of M. maripaludis tRNA Sec by C2:G71 reportedly abolished the phosphorylation by M. jannaschii PSTK (Sherrer et al., 2008a) . Therefore, the class Methanococcales (M. jannaschii and its relatives) might have acquired the specific, local acceptor-stemdNTD interaction during the coevolution of tRNA Sec and PSTK.
Interactions with the Discriminator and the CCA End
The ''discriminator'' nucleotide residue at position 73, connecting the acceptor stem and the CCA end, is conserved as G in all tRNA Sec species. G73 is sandwiched between the G1:C72 bp and Tyr79 in the PSTK NTD ( Figure 4E ) and forms basespecific hydrogen bonds with Asn80, Ser81, and Asp133 (Figure 4F ). In the positions corresponding to Tyr79, Ser81, and Asp133, Tyr, Ser, and Asp/Glu, respectively, are conserved in the archaeal and eukaryal PSTKs ( Figure S4 ). Actually, the S81P-D133A double mutation abolished the phosphorylation activity of M. jannaschii PSTK (not shown). Similarly, Tyr79 is essential for the M. jannaschii PSTK activity in vitro and in vivo (Araiso et al., 2009 ). Consequently, the conserved G73 is critical for the phosphorylation by PSTK. The adjacent C74 of the CCA end is not stacked on G73, since Tyr78 and Tyr79 are stacked on G73 instead. C74 protrudes outward and forms base-specific hydrogen bonds with Lys55 and Ser81 ( Figure 4G ). The C75 and A76 residues at the 3 0 -terminal CCA end are stacked on each other and are accommodated in a cleft formed adjacent to the ATP-binding site. C75 contacts Trp46, Arg40, and Glu51 on one side, while A76 is stacked on Ile120, Val124, and Met128 on the other side ( Figure 4H ). The active site includes the Walker A (or P loop, residues 7-13), Walker B (residues 31-37), and RxxxR (residues 112-116) motifs, and AMPPNP is associated with the P loop. However, the ribose moiety of A76 is not correctly oriented toward the g-phosphate group of AMPPNP in the catalytic site. This is probably because the serylation of A76 is required for its proper orientation. One of the possible conformational changes would involve A76 and C75 exchanging their positions in this cleft, by analogy to the RNA complex structure of a distant PSTK homolog, T4 polynucleotide kinase (PNK) (PDB ID: 1RC8) (Eastberg et al., 2004) .
DISCUSSION
Sec is produced by replacing the hydroxyl group of Ser attached to the 3 0 end of tRNA Sec . Therefore, the Sec synthesis machinery must strictly discriminate tRNA Sec from tRNA Ser to avoid the formation of Sec-tRNA Ser , which would lead to the misincorporation of Sec in place of Ser during protein biosynthesis. Since the amount of tRNA Sec is much smaller than that of tRNA Ser in the cell (Dong et al., 1996; Hatfield et al., 1991; Mizutani et al., 1984) , the high selectivity of tRNA Sec is essential. In archaea and eukarya, phosphorylation of Ser-tRNA Sec by PSTK seems to be the major step in the tRNA discrimination, as PSTK efficiently phosphorylates Ser-tRNA Sec , but does not phosphorylate Ser-tRNA Ser at all. The present structure clearly explains the basis by which PSTK discriminates tRNA Sec from the canonical tRNAs, including tRNA Ser .
Structural Basis for the tRNA Discrimination by PSTK In the present structure, the CTD and the linker of PSTK fit well with the unique D-arm structure of tRNA Sec . The NTD fragment lacking this region exhibited dramatically reduced phosphorylation activity ( Figures 3D and 3E) , and thus the D-armdCTD interaction is crucial for the tRNA recognition by PSTK. To examine whether the CTD is also compatible with the canonical D-arm structure, we created docking models of the CTD and tRNA Ser . The Thermus thermophilus tRNA Ser molecule ( Figure 5A ), in its SerRS complex structure (PDB ID: 1SER) (Biou et al., 1994) , was superposed on the tRNA Sec molecule in the present tRNA Sec dPSTK complex structure, with respect to the phosphorus atoms of either the D stem or the T arm. In either case, the D arm of tRNA Ser did not fit with the CTD, accounting for the basis of the tRNA Sec preference by PSTK, as described below.
The tRNA Sec D stem does not form a tertiary interaction with the extra arm and is therefore shifted significantly from the normal position required for the tertiary core formation in the canonical tRNAs. Therefore, when the T arm of tRNA Ser is superposed on that of tRNA Sec , the a8 and a9 helices of the PSTK CTD cannot reach the tRNA Ser D stem ( Figures 5B and 5C ). Moreover, C20 of T. thermophilus tRNA Ser , the counterpart of U20 in the U20:G19:C56 base triple of tRNA Sec , protrudes outward from the D loop and clashes with the CTD helices ( Figures 5B and  5C ). In addition, although Arg195 specifically interacts with U59 in the tRNA Sec T loop in the present structure ( Figure 3C ), most of the archaeal/eukaryal tRNA Ser species have A at position 59 and cannot form a hydrogen bond with Arg195. On the other hand, when the D stem of tRNA Ser is superposed on that of tRNA Sec to allow the PSTK CTD to interact with the D stem, the nucleotide residues 19-21 in the D loop cause severe steric hindrance with the a8 helix in the CTD (Figures 5D and 5E ). On the other hand, the critical interactions of the discriminator G73 with PSTK ( Figures 4E and 4F) 
Potential Role of PSTK in tRNA Transfer
The NTD and the CTD are connected by a flexible linker, and the tRNA Sec binding by the CTD occurs independently of that by the NTD. Dissociation of the CTD, as well as the FL-PSTK, from tRNA Sec is remarkably slow and causes a mobility shift (Figure 3F) , which is not usually observed for aminoacyl-tRNA synthetases. In this context, in one of the two tRNA Furthermore, the binding of SepSecS to tRNA Sec critically depends on the phosphoseryl moiety and shows much higher affinity for Sep-tRNA Sec than for Ser-tRNA Sec (Xu et al., 2007) and possibly for Sec-tRNA (Carlson et al., 2004) and can use Thr-tRNA Sec as the substrate as well as Ser-tRNA Sec (Sherrer et al., 2008a) , indicating that PSTK tolerates the difference in the aminoacyl moiety. Therefore, the PSTK NTD might return to protect the aminoacylated end of Sec-tRNA Sec from deacylation. The elongation factor specific to Sec-tRNA Sec , EF-Sec, can bind to Sec-tRNA Sec while it is still bound to the PSTK CTD without steric hindrance (not shown), which is again compatible with the desired prompt transfer of Sec-tRNA Sec to EF-Sec.
Characteristics of tRNA Sec
We concluded that the tRNA Sec selectivity of PSTK is mainly based on its characteristic D-arm structure. We further speculated that another characteristic feature of tRNA Sec , the 9/4 secondary structure, is conserved because it is needed to compensate for a negative effect of the D-arm structure. The relative locations of the anticodon and the aminoacylated CCA end of tRNA Sec should be the same as those of the canonical tRNAs, since they function similarly on the ribosome. When the tRNA Sec anticodon stem backbone is superimposed on that of the canonical one ( Figures S5A and S5B) , the tRNA Sec D loop extends farther than those of the canonical tRNAs, because of the 6-bp D stem. Thus, the outer corner of tRNA Sec is farther away from the CCA end, as compared with the canonical tRNAs ( Figure S5D ). The 13-bp acceptor-T stem can compensate for this distance, and the location of the tRNA Sec CCA terminus is almost the same as those of the canonical tRNAs ( Figure S5C ). Figure S5 .
EXPERIMENTAL PROCEDURES
PSTK Preparation
The gene encoding M. jannaschii PSTK was cloned into the pCold II vector (Takara), which encodes an N-terminal His 6 tag. The native protein was overexpressed in Escherichia coli Rosetta 2 (DE3) (Merck; Whitehouse Station, NJ). The cells expressing PSTK were resuspended in 50 mM Tris-HCl buffer (pH 8.5) containing 500 mM NaCl, 500 mM MgCl 2 , 10 mM 2-mercaptoethanol (2-ME), and 1.0 mM phenylmethylsulfonyl fluoride (PMSF). The cell suspension was sonicated, and after additional MgCl 2 was added to a final concentration of 750 mM, it was heated at 82 C for 30 min. After centrifugation, the supernatant was incubated with Ni Sepharose 6 Fast Flow resin (GE Healthcare; Little Chalfont, UK). PSTK was eluted by 20 mM Tris-HCl buffer (pH 8.0) containing 400 mM imidazole, 300 mM NaCl, 3.0 mM MgCl 2 , and 5.0 mM 2-ME and was further purified by chromatography on a RESOURCE S column (GE Healthcare). The fractions containing PSTK were dialyzed against 20 mM Tris-HCl buffer (pH 7.5) containing 100 mM NaCl, 3.0 mM MgCl 2 , and 10 mM 2-ME.
Preparation of tRNA Transcripts
The gene encoding M. kandleri tRNA Sec was cloned into the pUC18 vector.
The template DNA for in vitro transcription was amplified by PCR using the plasmid as the template. The tRNA was transcribed in vitro with T7 RNA polymerase, as described previously (Sekine et al., 1996) , and was purified by chromatography on a RESOURCE Q column (GE Healthcare). The purified tRNA was dissolved in 10 mM Tris-HCl buffer (pH 8.0) containing 10 mM MgCl 2 and was heated at 65 C for 5 min for refolding.
Crystallization and X-Ray Diffraction Data Collection
The final concentrations of M. kandleri tRNA Sec and M. jannaschii PSTK were adjusted to 120 and 100 mM, respectively. The crystals were obtained by the sitting-drop vapor-diffusion method with reservoir solution, containing 40 mM sodium citrate-HCl buffer (pH 5.2), 14.5% (w/v) polyethylene glycol 3350, and 260 mM ammonium tartrate. X-ray diffraction data were collected from the crystals at 90 K by using synchrotron radiation at the BL41XU of SPring-8 (Harima, Japan) and the NW12A of the Photon Factory (Tsukuba, Japan). The data were processed with the HKL2000 program (Tables 1 and S1 ) (Otwinowski and Minor, 1997) .
Structure Determination and Refinement
The type 1 crystal structure of tRNA Sec dPSTK was solved by the MAD method, using the SeMet-substituted PSTK. The autoSHARP program (Vonrhein et al., 2007) was used for phasing and density modification (Table S1 ). The type 2 and type 3 crystal structures of tRNA Sec dPSTK were solved by molecular replacement, using the type 1 crystal structure as the search model, with the Phaser program (Read, 2001) . The Coot program (Emsley and Cowtan, 2004) was used for manual fitting of models to the electron density map. The structures were refined against the diffraction data using the CNS program (Adams et al., 1997) (Table 1) .
Measurement of PSTK Activity
The PSTK activity was measured by detecting the phosphorylation of SertRNA using [g-32 P]ATP (Institute of Isotopes; Budapest, Hungary). The reaction was performed at 60 C in 50 mM HEPES-NaOH buffer (pH 7.5) containing 100 mM KCl, 10 mM MgCl 2 , 1.0 mM dithiothreitol, 3.0 mM ATP ($500 MBq/ mmol), 1.0 mM L-serine, 10 mM M. kandleri tRNA Sec , 2.5 mM M. kandleri SerRS, and PSTK (M. jannaschii or M. kandleri). The concentrations of M. jannaschii and M. kandleri PSTK were 100 nM and 1.0 mM, respectively. Aliquots were removed at 2, 5, and 10 min, and the reaction was quenched by transferring each aliquot to a filter paper pre-equilibrated with 5% trichloroacetic acid (TCA). The radioactivities of the acid-insoluble fractions were quantified by liquid scintillation counting after the filters were washed three times with 5% ice-cold TCA and twice with 100% ethanol.
Measurement of Binding Affinity by EMSA
The binding reactions were performed at 65 C in 3.0 ml of 20 mM Tris-HCl buffer (pH 7.5) containing 200 mM NaCl, 3.0 mM MgCl 2 , 10 mM 2-ME, 25 mM M. kandleri tRNA Sec , and 12.5, 25, or 50 mM M. jannaschii PSTK (WT-PSTK, NTD, or CTD fragment). They were mixed with 2.0 ml TB buffer containing 30% glycerol and electrophoresed on a 7.0% polyacrylamide gel containing TB buffer. The gel was stained with toluidine blue to detect the tRNA.
ACCESSION NUMBERS
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